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COMPOUND AUTOMOTIVE REARVIEW MIRROR 

This application claims the benefit of U.S. provisional application 
Serial No. 60/449,370, filed February 21, 2003. 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to mirrors having multiple 
surfaces of differing magnification and, particularly, to the application of such 
10 mirrors as external side rearview automotive operator aides. 

2. Background Art 

Originally, motor vehicles, particularly passenger cars, did not have 
mirrors to assist the driver. Early in this century however, both inside and outside 
mirrors were added to automotive vehicles to provide rearward and limited lateral 
15 visibility. As the number of vehicles and driving speeds increased, rearward 
visibility became ever more important. 

Today, all passenger cars have a mirror centrally located inside the 
vehicle. This mirror is the primary mirror. It provides a wide viewing angle, 
20 giving an excellent view to the adjacent lanes at a distance of two or more car 
lengths to the rear. However, it is deficient in that it is unable to view the adjacent 
lanes at distances of less than one to two car lengths to the rear. In an effort to 
eliminate this deficiency and to provide rearward visibility when the rear window 
is blocked, outside mirrors were added to vehicles. 

25 Presently, passenger cars are required by law to have a unit 

magnification outside rearview mirror on the driver's side. A unit magnification 
mirror is a plane mirror which produces the same size image on the retina as that 
which would be produced if the object were viewed directly from the same distance. 
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Furthermore, as provided in Federal Motor Vehicle Safety Standard 111 (FMVSS 
111), "The mirror shall provide the driver a field of view of a level road surface 
extending to the horizon from a line perpendicular to a longitudinal plane tangent 
to the driver's side of the vehicle at the widest point, extending 8 feet out from the 
5 tangent plane 35 feet behind the driver's eyes, with the seat in the rear most 
position. " FMVSS 111 thus effectively determines the size of the mirror, which a 
manufacturer must provide. The size will vary among different manufacturer's 
vehicles because of the placement of the mirror on the vehicle with regard to the 
driver's seat location. 

10 Unfortunately, outside mirrors meeting FMVSS 111 still do not 

provide adequate adjacent lane visibility to view cars that are in the range of one car 
length to the rear. That is, a blindzone exists where a vehicle is not visible in either 
the inside mirror or the outside mirror. Even a glance over the shoulder may not 
be adequate to observe a vehicle in the blindzone. For many vehicles, the door 

15 piliar between the front and rear doors obscures the view to the blindzone. 
Furthermore, this obstruction is not obvious to most drivers, and they may assume 
that the "over the shoulder glance" has allowed them to see the blindzone when in 
reality it has not. 

Rearward vision in automobiles is mathematically described in a 
20 paper published by the Society of Automotive Engineers (SAE) in 1995. That paper 
is designated as SAE Technical Paper 950601. It is entitled, The Geometry of 
Automotive Rearview Mirrors - Why Blindzones Exist and Strategies to Overcome 
Them, by George Platzer, the inventor of the present invention. That paper is 
hereby incorporated by reference. 

25 A common method of overcoming the blindzone is to add a 

spherically convex blindzone-viewing mirror to the required plane main mirror. 
Spherically convex mirrors provide a wide field of view, but at the penalty of a 
reduced image size. However, this may be acceptable if the mirror is only used to 
indicate the presence of a vehicle in the blindzone and it is not used to judge the 

30 distance or approach speed of vehicles to the rear. Simply placing a round segment 
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of a convex mirror on the main mirror surface, as is commonly done with stick-on 
convex mirrors, does not solve the problem. Doing so can provide a view to the 
rear which includes the blindzone, but it will also show much of the side of the car, 
the sky and the road surface, which are distracting and extraneous to the safe 
5 operation of the vehicle. What is required is a convex blindzone-viewing mirror 
that shows the driver primarily only the blindzone. In this way, if the driver sees 
a vehicle in the blindzone-viewing mirror, he knows it is unsafe to move into the 
adjacent lane. All extraneous and distracting information should be removed from 
the blindzone-viewing mirror. Furthermore, by eliminating the irrelevant portions 
10 of the bull's-eye mirror, the remaining portion can have a larger radius of curvature, 
thereby increasing the image size for the given amount of area that is to be allocated 
to the convex mirror. 

Other problems with add-on mirrors are that they: 

15 - may interfere with the requirements of FMVSS 111; 

• may substantially decrease the plane main mirror viewing angle; 

• interfere with cleaning, especially when there is ice on it; and 

• appear as an unsightly excrescence on the main mirror. A blindzone- 
viewing mirror that is provided by a car manufacturer must not 

20 appear to be an afterthought, but rather an integral part of the mirror. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a unit magnification 
main mirror, which meets the requirements of FMVSS 111 and simultaneously 
provides a blindzone-viewing mirror having a magnification of less than unity that, 
25 in application, is able to show an automobile driver's side blindzone. 

Another object of the invention is to provide a less than unit 
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magnification mirror that meets the requirements of FMVSS 1 1 1 on the passenger's 
side and simultaneously provides a blindzone-viewing mirror having a magnification 
of less than unity that is able to show the driver the blindzone on the passenger's 
side. 

5 Yet another object of the invention is to provide a mirror having a 

combination of two surfaces of different magnification that is not objectionable in 
appearance. 

Still another object of the invention is to provide a mirror having a 
combination of two surfaces of different magnification that is inexpensive and easy 
10 to manufacture. 

In an embodiment of the invention, an auxiliary blindzone viewing 
mirror having a less than unit magnification can be adhesively attached to a main 
viewing mirror. The auxiliary blindzone viewing mirror can be comprised of a 
discrete mirror body can be optimized in size and orientation to provide primarily 

15 only a view of the blindzone while leaving the region surrounding it available to 
meet the requirements of FMVSS 111. Moreover, the discrete mirror body can be 
comprised of a recessed ledge formed in a base of the auxiliary mirror for retaining 
adhesive while maintaining flush contact with the main viewing mirror. The 
auxiliary blindzone viewing mirror can be located in the upper and outer region of 

20 the main viewing mirror. 

In another embodiment of the invention, an auxiliary blindzone 
viewing mirror can be inserted into a cut-out region of a main viewing mirror. The 
auxiliary blindzone viewing mirror can comprise a convex reflective surface 
optimized in size and orientation to provide primarily only a view of the blindzone 
25 while leaving the region surrounding it available to meet the requirements of 
FMVSS 111. The auxiliary blindzone viewing mirror having a rim about its 
perimeter for resting against a surface of the main viewing mirror. The rim can be 
canted to obscure the reflection of the auxiliary blindzone viewing mirror in the 
main viewing mirror. 
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In still another embodiment of the present invention, an automotive 
outside rearview mirror comprising a main viewing mirror having a generally planar 
reflective surface, an auxiliary blindzone viewing mirror having a generally convex 
reflective surface, and a case for retaining both mirrors is provided. The auxiliary 
5 blindzone viewing mirror is shaped and positioned for viewing primarily only a 
driver's blindzone. The automotive outside rearview mirror further comprises a lip 
along the border between the main viewing mirror and the auxiliary blondzone 
viewing mirror. The lip comprises a canted surface for obscuring the reflection of 
the auxiliary blindzone viewing mirror in the main viewing mirror. Moreover, the 
10 lip can be integrally formed within the auxiliary blindzone viewing mirror, or 
rather, the lip can be integrally formed within a wall formed in the case. 

These and other aspects, objects, features and advantages of the 
present invention will be more clearly understood and appreciated from a review of 
the following detailed description of the preferred embodiments and appended 
15 claims, and by reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features of the present invention which are believed to be novel 
are set forth with particularity in the appended claims. The present invention, both 
as to its organization and manner of operation, together with further objects and 
20 advantages thereof, may best be understood with reference to the following 
description, taken in connection with the accompanying drawings which: 

FIGURE 1 is a plan view of an automobile on a three-lane highway 
depicting the field of view of the automobile's outside mirrors and the blindzones; 

FIGURE 2 is a diagram showing the requirements of FMVSS 1 1 1 for 
25 the horizontal field of view of the driver's outside mirror; 

FIGURE 3 is a diagram showing the requirements of FMVSS 1 1 1 for 
the vertical field of view of the driver's outside mirror; 
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FIGURE 4 is an image of the road as seen in the driver's outside 
mirror showing the effect of the requirements of FMVSS 111 on the horizontal 
width and the vertical height of the mirror; 

FIGURE 5 is a perspective drawing showing how a less than unit 
5 magnification mirror can be placed on the driver's outside mirror to avoid 
conflicting with the requirements of FMVSS 111 and yet provide a wide angle 
mirror to observe the blindzone; 

FIGURE 6 is a front view of the mirror of Figure 5; 

FIGURE 7 is side sectional view of the mirror of Figure 6 in the 
10 plane along line 7-7 in the direction of the arrows showing the proper location of the 
center of the sphere on which the surface of the blindzone mirror lies, so as to 
produce vertical centering of the image of a vehicle that is in the blindzone; 

FIGURE 8 is a top sectional view of the mirror of Figure 6 in the 
plane along line 8-8 looking in the direction of the arrows showing the proper 
15 location of the center of the sphere on which the surface of the blindzone mirror 
lies, so as to produce horizontal centering of the image of a vehicle that is in the 
blindzone; 

FIGURE 9 is a plan view of a two lane highway showing a vehicle 
in the right lane equipped with the mirror of Figure 5 and four positions of an 
20 overtaking vehicle in the left lane; 

FIGURE 10a shows the image of an overtaking vehicle in Figure 9, 
in a mirror like that of Figure 5; 

FIGURE 10b is like Figure 10a except that the overtaking vehicle is 
farther to the rear; 
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FIGURE 10c is like Figure 10b except that the overtaking vehicle is 
farther to the rear; 

FIGURE lOd is like Figure 10c except that the overtaking vehicle is 
farther to the rear; 

5 FIGURE 1 1 is a perspective view of an auxiliary blindzone viewing 

mirror having straight edges depicting how the reflection of the auxiliary blindzone 
viewing mirror can be seen in the main viewing mirror obscuring the driver's 
perception; 

FIGURE 12 is a plan view of an auxiliary blindzone viewing mirror 
10 according to an embodiment of the present invention; 

FIGURE 13 is side view of the auxiliary blindzone viewing mirror 
shown in Figure 12; 

FIGURE 14 is a sectional view of the auxiliary blindzone viewing 
mirror shown in Figure 12 taken along the line 14-14; 

15 FIGURE 15 is a plan view of a main viewing mirror according to an 

embodiment of the present invention; 

FIGURE 16 is a plan view of an automotive outside rearview 
mirror assembly having an auxiliary blindzone viewing mirror according to an 
embodiment of the present invention; 

20 FIGURE 17 is an enlarged plan view of the auxiliary blindzone 

viewing mirror shown in the upper and outer quadrant of the automotive outside 
rearview mirror assembly in Figure 16; 

FIGURE 18 is an elevational view of the auxiliary blindzone viewing 
mirror shown in Figure 17; 



-7- 



PLG 0103 PUSP 

FIGURE 19 is a sectional view of the auxiliary blindzone viewing 
mirror shown in Figure 17 taken along line 19-19; 

FIGURE 20 is a plan view of an automotive outside rearview mirror 
assembly according to another embodiment of the present invention; 

5 FIGURE 21 is a sectional view of the mirror assembly in Figure 20 

taken along line 21-21; 

FIGURE 22 is a sectional view of the mirror assembly in Figure 20 
taken along line 22-22; 

FIGURE 23 is a plan view of an automotive outside rearview mirror 
10 assembly according to another embodiment of the present invention; 

MGURE 24 is a sectional view of the mirror assembly in Figure 23 
taken along line 24-24; 

FIGURE 25 is a sectional view of the mirror assembly in Figure 23 
taken along line 25-25; 

15 FIGURE 26 is an enlarged plan view of a fully recessed auxiliary 

blindzone viewing mirror similar to the auxiliary mirror shown in the upper and 
outer quadrant of the automotive outside rearview mirror assembly in Figure 16; 

FIGURE 27 is an elevational view of the auxiliary blindzone viewing 
mirror shown in Figure 26; 

20 FIGURE 28 is a sectional view of the auxiliary blindzone viewing 

mirror shown in Figure 26 taken along line 28-28. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

As required, detailed embodiments of the present invention are 
disclosed herein. However, it is to be understood that the disclosed embodiments 
are merely exemplary of an invention that may be embodied in various and 
alternative forms. Therefore, specific functional details disclosed herein are not to 
be interpreted as limiting, but merely as a representative basis for the claims and/or 
as a representative basis for teaching one skilled in the art to variously employ the 
present invention. 



mid-sized passenger car 10 in the middle lane of a three-lane highway with 12-foot 
wide lanes. The vehicle 10 is equipped with a driver's side outside mirror 12. The 
driver's eyes are shown centered at point 14, from which the driver has a field of 
view to the rear in the horizontal plane encompassing the acute angle formed by 
lines 16 and 18. Line 20 defines the rearward limit of the driver's peripheral vision 
when looking at mirror 12. Thus, the area bounded by lines 18 and 20 is a 
blindzone, shown crosshatched, which cannot be observed in either the driver's 
direct forward vision or indirectly in the mirror. 



of a plane mirror in a mathematical equation as a function of the mirror's 
dimensions and the position of the eyes relative to the mirror. Typically, the angle 
0 subtended by lines 16 and 18 is in the order of 15° to 20 °. Angle 0 is given by 
Eq. 1, and it is, 



Referring now in greater detail to the drawings, Figure 1 shows a 



SAE Technical Paper 950601 describes the horizontal field of view 



6 = 2 tan 



-i 



wcos A + D 




Eq.l 



where: 



w = mirror width; 

D = interpupillary distance; 

S L = the longitudinal distance along the axis of the vehicle from the 
driver's eyes to the center of the mirror; 



S T = the transverse distance perpendicular to the longitudinal axis 
from the driver's eyes to the center of the mirror; and 
X = x h tan _1 (s T /s L ). 



As described in SAE Technical Paper 950601, the peripheral vision 
line 20 cannot be precisely located. It depends on the location of the drivers' eyes 
relative to the mirror 12 and several other factors. For example, Burg (Journal of 
Applied Psychology/ Vol.5/ No. 12/ 1968) has shown that the angular extent of 
peripheral vision is a function of age. At age 20 it extends 88° from straight-ahead 
to the side. At 70 years, this angle has dropped to 75°. Angle <J> in Figure 1 is the 
angle of the peripheral vision line 20 relative to line 22, which is perpendicular to 
the longitudinal axis of vehicle 10. Typically this angle will be in the range of 40 
degrees. 

Figure 2 shows the requirement imposed on the width of mirror 12 
by FlviVSS ill. As previously stated, the mirror 12 must be able to show a point, 
as 24, which is 244 cm (8 feet) out from a plane 26 tangent to the side of the vehicle 
and 1067 cm (35 feet) behind the driver's eyes with the seat in the rear most 
position. Point 28 is 1067 cm behind the driver's eyes and in plane 26. Points 24 
and 28 are on the road surface. Angle 0 in Figure 2 is obviously, 

T 244 ^ 

e^tan" 1 — . Eq.2 

S L + 1067 



Angle 0 has a value of about 1 1 .5° for almost any passenger car, and 
the variation in 0 produced by variations in S L is a second order effect. Hence, the 
width of the mirror required by FMVSS 111 can be calculated by solving Equation 
1 for w. Then, 



244 



+ s; 



w = 



tan|l-D 



cos A 



Eq.3 
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Angle 0 in this case is equal to 1 1 .5°. Using values of S L = 45.7cm, 
S T = 70cm, and D = 6.4cm, w is found to bt 9.4cm. This value can vary 
significantly among vehicles, since in Eq.3, S L and S T variations no longer produce 
only second order effects as in Eq. 2. In practice, vehicle manufactures will specify 
mirror widths in excess of the FMVSS 111 requirements to further reduce the 
blindzone size. 



Figure 3 shows the requirements imposed on the vertical dimension 
of mirror 12 by FMVSS 111. In the vertical plane, vision is monocular since the 
eyes are not separated as they are in the horizontal plane. SAE Technical Paper 
950601 shows that for monocular vision, the interpupillary distance D drops out of 
Equation 1, so that it becomes, 



6 = 2 tan" 1 



wcos A 
2V*L + *r 



Eq.4 



Then, 



2^S 2 L +S 2 T tanf 
w = -. Eq.5 

COS A 

In Figure 3, h is the height in cm of mirror 12 above the ground, and 
it can vary significantly from a sports car to a sedan to a van. Angle 0 V is the angle 
that determines what the vertical dimension, w v , of mirror 12 must be, in 
conjunction with the distance of the eye from the mirror. Angle 0 V replaces angle 
0 in Equation 5 when calculating the vertical dimension of the mirror. Applying 
Equation 5 to the required vertical dimension of the mirror, w v , 



2V^+5 v 2 tan^ 

: -, Eq.6 

COS Ay 
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where: S v = vertical distance in the vertical plane from the eye to the mirror; 

X y = Vz tan ^(Sv/SJ; and 



6 V = tan 1 



v S v +1067 



Substituting measured values of h, S L , and S v from one mid-size passenger car gave 
5 a value for w v of 6.4cm. 

The FMVSS 111 requirement for the vertical dimension of the mirror 
is only a minimum, and it does not provide a satisfactory mirror. Drivers usually 
set their mirrors so that if the car is on a straight and level road, the horizon will be 
in about the center of the mirror. This means that if point 24 is to be visible with 
10 the horizon centered, the mirror should be about 12.7cm high. Most passenger car 
mirrors are not this large vertically, and are closer to 10.2cm to 1 1 .4cm. However, 
the requirements of the standard are met. 

Figure 4 shows mirror 12 adjusted so that the horizon 30 lies at its 
center. Point 24 is shown in the lower left-hand corner. Also shown is point 28 in 
15 the right-hand corner. Line 32 represents the dashed yellow lane marker between 
the two left lanes. Line 34 represents the left edge of the left lane. Lines 32 and 
34 converge at infinity on the horizon. The mirror has been adjusted so that point 
28 is just visible, i.e. rotating the mirror farther outward would make point 28 
disappear from view. 

20 As previously mentioned, a mirror constructed to just meet the 

requirement in its horizontal field of view would have an excessively large 
blindzone. This could be remedied by providing an auxiliary blindzone-viewing 
mirror of less than unit magnification with a wide field of view, located such that 
it does not interfere with line 34. Such an auxiliary mirror 36 is shown in Figure 

25 5 attached to a plane main viewing mirror 40. Mirror 36 is a spherically convex 
mirror having dimensions and an orientation such that its field of view encompasses 
the region in Figure 1 between lines 18 and 38. Mirror 36 can be made small 
enough so that is does not excessively encroach on the plane area of the main 
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viewing mirror 40 above line 34. For example, if mirror 40 is 10 cm wide, mirror 
36 could easily be 4.4 X 4.4 cm square. Using 4.4 cm as the horizontal dimension 
for mirror 36, the radius of curvature required to encompass the blindzone can be 
calculated from another equation in SAE Technical Paper 950601. There it is 
shown that the field of view of a convex mirror is, 



6=2 



_, w _, wcos A + D 
2 tan — +tan 



2r 



Eq.7 



All of the variables in Equation 7 are the same as Equation 1 except for r, which is 
the radius of curvature of the convex mirror. Angle 0 in Equation 7 is to be taken 
as the angle between lines 18 and 38 in Figure 1. Line 38 is seen to extend from 

10 mirror 12 and intersect the peripheral vision line 20 in the center of the adjacent 
lane. The angle between lines 18 and 38 is about 25°. Using w = 4.5cm, S L = 
45.7cm, S T = 26.5cm and D = 6.4cm, r calculates out to be 27.8cm. Selection of 
25 = as the blindzone width is partially subjective. It involves the choice of the 
peripheral vision angle, the positioning of the mirror and an estimate of how much 

15 of the geometrically defined blindzone must be included to assure that a driver is 
able to see a vehicle in the blindzone. In general a radius of curvature in the range 
of 20cm to 35cm will be satisfactory depending upon the vehicle. 

A key factor in the shaping and positioning of the blindzone-viewing 
mirror is the required location of the center of the sphere from which the segment 

20 is taken. A vehicle in the blindzone should appear centered in the auxiliary 
blindzone-viewing mirror. Figures 6, 7 and 8 comprise a geometric orthographic 
projection showing the proper orientation of a spherically convex mirror segment 
36 relative to a plane mirror 40. A radius 42 and an arc 44 of the sphere from 
which segment 36 is taken, must pass through the center 46 of the face of segment 

25 36. The location of the center of the sphere must be specified so that centering of 
the image of a vehicle in the blindzone will occur. 

As previously stated, most drivers adjust their mirrors so that if they 
were on a straight and level road, the horizon would be approximately centered in 
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the mirror. Vertical centering of an image in the blindzone-viewing mirror 36 then 
requires that the image of the horizon pass through center 46 of mirror 36. This 
simply requires that radius 42 lie in a plane perpendicular to plane mirror 40, and 
that the plane also pass through center point 46, as shown in Figure 7. 

5 Horizontal centering of the view of the blindzone in mirror 36 

requires that radius 42 be located such that it passes through center 46 of mirror 36 
and also falls along line 48 in Figure 1 which bisects the acute angle formed by lines 
18 and 38. The actual position of radius line 42 in Figure 8 relative to the vehicle 
is dependent upon how the driver has positioned the mirror relative to the vehicle. 
10 However, the position of line 42 relative to line 50 in Figure 8 is constant. If the 
driver is instructed to position the plane mirror so that the side of the car is just 
visible, the position of line 42 is then effectively constant relative to the side of the 
vehicle, and the blindzone view is effectively centered about line 48 in Figure 1. 

The field of view m the plane main viewing mirror is 0 degrees wide 
15 as shown in Figure 1. If the driver so chooses, he or she could readjust the main 
viewing mirror so angle 9 straddles line 48. Then, the plane mirror view would be 
centered on the blindzone. Many drivers actually set their mirrors this way to view 
the blindzone. Since the angle of reflection is equal to the angle of incidence, 
rotating the field of view outward by say 30°, would require rotating the mirror 
20 outward by 15°. Hence, to make the plane mirror look into the center of the 
blindzone requires that it be rotated by Vi of the angle between line 48 and line 52, 
where line 52 bisects angle 0. Again selecting the blindzone width as 25°, and 
using a value of 15° for 0, the field of view would have to be rotated Vz (25° +15°) 
= 20°. This would require rotating the mirror 10° to look into the center of the 
25 blindzone with the plane mirror. 

The same reasoning applies to the convex blindzone-viewing mirror. 
If radius 42 were perpendicular to the surface of plane mirror 40, the field of view 
of the convex mirror would be centered about line 52 in Figure 1 . But we want the 
spherical mirror's field of view to be centered about line 48 when the plane mirror 
30 is adjusted to just see the side of the vehicle. Therefore in Figure 8, line 42 should 
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be at an angle p of 10° to line 50. The exact angle p chosen will be dependent upon 
the vehicle and the assumptions made for the position of line 48 in Figure 1 . 

The criteria required to size, place and orient the less than unit 
magnification auxiliary blindzone-viewing mirror have now been established. Using 
5 these criteria will provide a mirror which conforms with FMVSS 111, centers the 
image of a vehicle in the blindzone in the less than unit magnification mirror, and 
optimizes the image size for the space allocated to the less than unit magnification 
mirror. Mirror 36 in Figure 5 may be visualized as a spherically convex bulls eye 
mirror wherein all extraneous portions of the bulls eye have been removed, leaving 

10 only that portion which will show a vehicle in the blindzone. When driving with a 
mirror so configured, a vehicle overtaking on the driver's side will be seen in the 
main viewing mirror when the vehicle is to the rear of the blindzone. As the vehicle 
approaches, it appears to slide outwardly off of main viewing mirror 40 and onto 
blindzone-viewing mirror 36. Figure 9 shows an overtaking vehicle at various 

15 distances behind vehicle i0 ot fngure 1. Figures 10a, 10b, 10c and lOd show the 
position of the image of the overtaking vehicle on mirror 12 in Figure 9. Figure 
lOd shows the image of the overtaking vehicle at a position lid in Figure 9 about 
12 car lengths to the rear of vehicle 10. Note that a small portion of the left rear 
fender of vehicle 10 is seen in the lower right-hand corner of the plane main mirror. 

20 Figure 10c shows the image of the vehicle at a position 1 lc about 3 .5 car lengths to 
the rear. Figure 10b shows the image of the vehicle at position lib about 1.25 car 
length back, and it is seen mostly in the plane main viewing portion of the mirror, 
but partially in the auxiliary blindzone-viewing portion. Figure 10a shows the 
image of the overtaking vehicle in position 1 la, which is entirely in the blindzone, 

25 and it is seen that the image is entirely in the blindzone-viewing mirror. Thus, the 
image of the approaching vehicle moves from inside to outside across the mirror, 
and this is one reason why the auxiliary mirror is placed in the upper and outer 
quadrant of the rearview mirror. Placing it on the inner quadrant would disturb the 
apparent flow of the image of the overtaking vehicle as it moves across the main 

30 mirror from inside to outside. 

Next, various ways of implementing the combination of the main 
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viewing mirror and the blindzone-viewing mirror will be shown. One simple way 
is to adhere a glass or plastic segment of a spherically convex mirror to the plane 
mirror, as shown in Figure 5. However, the spherically convex stick-on mirror 
shown in Figure 5 is not without some crude and undesirable features. For 
5 example, one such feature is that the sides of the stick-on mirror are straight. As 
such, the sides are reflected in the plane mirror, which the stick-on mirror is 
mounted upon, appearing to double the height of the stick-on mirror. Figure 11 
shows a plane mirror 54 with a stick-on mirror 56 having straight sides. A 
reflection 58 of the top edge of stick-on mirror 56 in plane mirror 54 is depicted by 
10 a dashed reference line. The reflection 58 is plane mirror 54 can be both distracting 
and unattractive. 

Figures 12 and 13 show a stick-on auxiliary blindzone viewing mirror 
60, according to an embodiment of the presentation, having a skirt 62 around its 
perimeter. The skirt 62 can have canted or flared sides to hide the reflection of 
15 stick-on mirror 60 in a plane mirror. Preferably, the skirt extends outward along 
its base by an amount of about one half of the height of mirror 60 above its base 64 
as indicated by dashed lines 66 and 68. Surface 70 may be flat or curved. Also, if 
mirror 60 is a single piece injection molded plastic with a reflective coating applied 
to it, surface 70 preferably has a matte finish to avoid reflections from that surface. 

20 Another advantage of the skirt 62 is that it helps to blend the auxiliary 

mirror 60 into a planar main viewing mirror making it appear a more integral part 
of the main mirror. This is especially true if the base 64 can be made flush with the 
main mirror. However, it is important to note that adhering the stick-on auxiliary 
. mirror 60 to the main mirror with a thin film of an adhesive having a high modulus 

25 of elasticity may be undesirable. For instance, the difference in thermal expansion 
between the auxiliary mirror 60 and the typical glass main mirror, along with the 
rigidity of the bond, may cause warping and distortion of an image in the main 
mirror. The image distortion is generally observable when the ambient temperature 
is 20 °F or more away from the bonding temperature. 

30 To achieve a close fit between the auxiliary mirror 60 and a main 
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mirror surface 71 and to avoid distortion, a shallow ledge 72 can be provided in the 
base 64 of the auxiliary mirror 60, as shown in Figure 14. Ledge 72 can be located 
inboard of the bottom perimeter of auxiliary mirror 60 by about 2 or 3 millimeters. 
Further, edge 72 can be about 1 millimeter deep. A bead of adhesive 73 such as 
5 Dymax 4-20533, which has a low modulus of elasticity and sets to a rubbery 
consistency, can be applied along the ledge 72. Auxiliary mirror 60 can now be 
pressed flat against the main mirror surface 71 . Accordingly, the adhesive 73 fills 
ledge 72 while the excess adhesive flows into a cavity 74. Cavity 74 can retain the 
excess adhesive while reducing part weight and the material necessary to form 
10 auxiliary mirror 60. The adhesive 73 in the ledge 72 can now hold auxiliary mirror 
60 firmly in place while absorbing any differences in thermal expansion. It is fully 
contemplated that any typical adhesive with a low modulus of elasticity can be used. 
Moreover, it may be desirable to use an adhesive capable of being cured with 
ultraviolet light. 

15 Alternately, a double sided adhesive pad 75 may be used to affix 

auxiliary mirror 60 to the main mirror surface 71 . The ledge 72 can be utilized to 
retain the pad 75. Thus, the pad 75 can be die cut to fit the ledge 72. Moreover, 
the depth of the ledge 72 and the thickness of the pad 75 can be sized to produce the 
minimum protrusion of the pad 75 below the base 64 of auxiliary mirror 60 that will 

20 still provide adequate adhesion to the main mirror surface 71 . The width of ledge 
72 can be extended inward when using the double sided adhesive pad 75 to increase 
the adhered area. Furthermore, the lightening volume defined by cavity 74 may be 
eliminated. Accordingly, the adhesive pad 75 may be a desirable alternative for 
aftermarket applications. 

25 Yet another advantage of the skirt 62 on auxiliary mirror 60 is that 

the canted or flared surface 70 can act as a deflector of impact loads, such as that 
produced by an ice scraper. The skirt 62 tends to deflect the scraper away from the 
auxiliary mirror 60, thereby minimizing the likelihood of dislodging the auxiliary 
mirror 60 from the main mirror surface 71. 

30 Referring back to Figure 8, the convex surface of a blindzone- 
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viewing auxiliary mirror attached to a planar main mirror will vary in height above 
the surface of the planar main mirror. The right edge of stick-on mirror 36 is 
shown to be higher above the surface of main mirror 40 than the left edge. A 
blindzone viewing mirror having a viewing angle of 25° and a base having 
5 dimensions of 50mm x 50mm, for example, may have a height of about 6mm at the 
right edge. This height rolls off to about 1mm at the left edge. In some instances, 
it may be desirable to improve the appearance of the combined mirrors by recessing 
the auxiliary mirror partially below the surface of the main mirror. A semi-recessed 
auxiliary blindzone mirror can be esthetically more pleasing than one that is fully 
10 recessed. 

With reference now to Figures 15 - 19, an automotive outside 
rearview mirror assembly 77 according to an embodiment of the present invention 
is shown. The glass in a particular area of a planar main mirror 76 in which a 
blindzone viewing auxiliary mirror shall be mounted can be cut out. For example, 

15 the glass in the upper and outer quadrant of main mirror 76 can be removed, as 
illustrated by Figure 15. Figure 16 shows an auxiliary blindzone mirror 78 inserted 
into the cut-out region of main mirror 76. The auxiliary mirror 78 is shown in 
greater detail in Figures 17, 18, and 19. The auxiliary mirror 78 can be a convex 
mirror designed to be semi-recessed below the plane of the surface 84 of main 

20 mirror 76. For example, approximately half of convex surface 80 lies below surface 
84, while the remainder of convex surface 80 lies above surface 84. Of course, it 
is fully contemplated that the auxiliary mirror 78 can be fully recessed such that the 
convex surface 80 lies on or below the plane of surface 84 of main mirror 76 (as 
shown in Figures 26-28. Auxiliary mirror 78 is preferably injection molded. 

25 However, other methods known in the art for manufacturing auxiliary mirror 78 can 
be employed without departing from the scope of the present invention. A reflective 
coating 81 is then applied to surface 80. A rim 82 can be formed around the convex 
surface 80 to engage the surface 84 of main mirror 76. An adhesive may be used 
to attach rim 82 to main mirror 76. Figure 19 is a sectional view taken along line 

30 19-19 of Figure 17 showing more clearly the contour of the convex mirror surface 
80 above and below the plane of the surface 84 of the main mirror 76. Again, a 
skirt 83 (best shown in Figures 18 and 19), can be formed on the rim 82 to avoid 

-18- 



PLG 0103 PUSP 



undesirable reflections of the auxiliary mirror 78 in the main mirror 76. Moreover, 
a recessed ledge 85 can also be used for adhering auxiliary mirror 78 to main mirror 
76. 

Rim 82 is depicted in Figure 17 as having the same width around the 
5 perimeter of convex surface 80. In practice, the width of rim 82 can vary at 
different segments around the perimeter of auxiliary mirror 78. The width of rim 
82 can be especially dependent on the position of auxiliary mirror 78 upon the 
surface 84 of the main mirror 76. The rim 82, for example, may be very narrow 
at the outer edge, as shown in Figure 16. 

10 Generally, outside rearview glass main mirrors are held in a thin 

injection molded plastic case. The case is used to cover and protect the edges of the 
glass. The back surface of the case provides an attachment member for connecting 
the mirror to the case. The attachment member is typically coupled to a positioning 
mechanism used to move the plane of the mirror about a central pivot point for 

15 positioning the view seen by the driver. Typically, the case will have slots which 
are used to engage tangs on the surface of a pivoting plate which is supported on a 
central pivot point. The plate can be pivoted by electric motors or cables. The 
mirror assembly 77 of Figure 16 can be held in such a case. However, a depression 
in the case may be required to accommodate the auxiliary blindzone mirror 78. 

20 Referring to Figures 20 - 22, an automotive outside rearview mirror 

assembly 86 according to an embodiment of the present invention is illustrated. The 
mirror. assembly 86 is generally comprised of a glass main mirror 88 and a convex 
auxiliary blindzone viewing mirror 90 mounted in a case 92. Auxiliary mirror 90 
can differ from the auxiliary mirror 78 of Figure 16 by not requiring a rim 

25 surrounding the entire perimeter of the auxiliary mirror. Rather, a lip 98 can be 
formed along the inboard edges of auxiliary mirror 90 for extending out over main 
mirror 88. Auxiliary mirror 90 can have a spherically convex surface 93, which 
starts at a high point 94 and rolls off to a low point 96 (best shown in Figure 21). 
A back surface 100 of auxiliary mirror 90 can follow a curved surface which begins 

30 at a point 102 and rolls off to a point 104. The distance between point 96 and 104 
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can be about 1mm. The case 92 follows the contour of back surface 100. Auxiliary 
mirror 90 may be held in place by an adhesive between lip 98 and main mirror 88. 
Moreover, an adhesive between back surface 100 and the case 92 may be employed 
to secure auxiliary mirror 90. As shown in Figure 22, a wall 106 can be formed 
5 which supports the lip 98 in the general region between points 108 and 110 (shown 
in Figure 20). Point 108 refers to the general location just before convex surface 
93 drops below the first surface of main mirror 88. 

Figures 23, 24, and 25 depict yet another embodiment of a semi- 
recessed auxiliary blindzone mirror, in accordance with the teachings of the present 

10 invention. Figure 23 shows an automotive outside rearview mirror assembly 112 
incorporating a planar main mirror 1 14, a blindzone viewing auxiliary mirror 116, 
and a case 118. Mirror assembly 112 differs from previous embodiments in that a 
skirt 119 required to eliminate the undesirable reflections of auxiliary mirror 116 in 
main mirror 1 14 can be provided by the case 118. A wall 120 having a canted top 

15 forming skin Ii9 can be molded into case 118 running entirely along the cut-out 
section of the glass. The glass in this region is indicated by the hidden edge line 
122. Auxiliary mirror 116 can be a spherically convex plate, which may be 
injection molded plastic or glass. The auxiliary mirror is preferably a first surface 
mirror. Further, the surface 121 of case 118 behind auxiliary mirror 116 can have 

20 a similar surface contour as the back surface 123 of auxiliary mirror 116. 
Accordingly, auxiliary mirror 116 can be adhered to the case 118 by an adhesive 
applied between the back surface 123 of the auxiliary mirror 116 and the surface 
121 of the case 118. 



While embodiments of the invention have been illustrated and 
25 described, it is not intended that these embodiments illustrate and describe all 
possible forms of the invention. Rather, the words used in the specification are 
words of description rather than limitation, and it is understood that various changes 
may be made without departing from the spirit and scope of the invention. 
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